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US 7,139,029 B2 
1. 

METHODS AND APPARATUS FOR 
CORRECTION FOR 2-3 FIELD PATTERNS 

RELATED APPLICATIONS 

This application is a continuation of Ser. No. 09/295.936, 
filed Apr. 21, 1999, now issued as U.S. Pat. No. 6,559,890, 
incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to methods and systems for pro 
cessing videotape, and more particularly to correcting a 
discontinuous 2-3 field pattern that resides on the videotape. 

BACKGROUND OF THE INVENTION 

In general, telecine machines that operate at 60 field/sec 
(actually, 59.94 fields/sec) employ a 3:2 pulldown conven 
tion to convert film media, which runs at 24 frame/sec 
(actually, 23.976/sec), to video media, which runs at 60 
television field/sec (actually, 59.94 fields/sec). Specifically, 
a two-field video sequence and a three-field video sequence 
are alternately generated, with each field sequence corre 
sponding to a film frame. These video fields are interlaced in 
that the film frames are scanned, such that alternating odd 
and even fields are generated, with the lines of the odd fields 
interleaved with the lines of the even fields. For example, a 
film frame can be scanned to generate a two-field video 
sequence characterized by an even field and then an odd field 
(even/odd). The next film frame can be scanned to generate 
a three-field video sequence characterized by an even field, 
then an odd field, and then an even field (even/odd/even). 
The respective first and second even fields in this three-field 
Video sequence are duplicates. The next film frame can be 
scanned to generate a two-field video sequence character 
ized by an odd field and then an even field (odd/even). The 
next film frame can be scanned to generate a three-field 
Video sequence characterized by an odd field, then an even 
field, and then an odd field (odd/even/odd). The respective 
first and second odd fields in this three-field video sequence 
are duplicates. This pattern then repeats for the next four film 
frames and so on. 
The two/three-field video sequence is sometimes dis 

rupted. Such as, e.g., when the video is edited without regard 
to the video sequence. These disruptions in the video 
sequence can cause difficulties during processing that 
requires manipulation of the two/three-field sequence. For 
example, it is sometimes desired to convert 525 line, 60 
fields/sec video to 625 line, 48 fields/sec video. During this 
procedure, the two/three-field video sequence is converted 
to a repeating two-field video sequence by removing the 
duplicate field from each of the three-field video sequences, 
and, if needed, swapping the order of the two-field video 
sequence, thereby generating a repeating two-field video 
sequence characterized by an even field and then an odd field 
through the entirety of the video (even/odd), or alternatively, 
an odd field and then an even field through the entirety of the 
video (odd/even). The 525 line resolution of the 525 line, 60 
field/sec video is then interpolated to produce the 625 line, 
48 field/sec video with 625 lines of resolution. The resulting 
625 line, 48 field/sec video is recorded at 24 frames/sec. 
which is then played at 25 frames/sec, which is the normal 
625 line, 50 field/sec video when viewed. When there is a 
disruption in the two/three-field video sequence prior to 
conversion, the two-field sequence Subsequent to conversion 
will sometimes change dominance. That is, the repeating 
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2 
odd/even video sequence changes to a repeating even/odd 
Video sequence. Because a television system cannot process 
an odd/odd video sequence (or an even/even video 
sequence), an even field (or odd field) by itself, or an 
even/odd/even video sequence (or an odd/even/odd video 
sequence) must be located at the change in dominance. As 
a result, the video is degraded. 

Another example of a process that requires the manipu 
lation of the two/three-field video sequence is the conversion 
of video to a digital video disk (DVD). To save memory, the 
two/three field video sequence is converted to a repeating 
two-field video sequence in much the same manner 
described above. The two-field video sequence is then 
compressed into a motion pictures expert group (MPEG2) 
format. The DVD player then restores the two/three-field 
Video sequence during playback on the television system. 
Again, however, during conversion, the field dominance of 
the two-field video sequence may change, thereby degrading 
the DVD. 

Thus, it would be desirable to provide methods and 
systems to correct a disrupted two/three-field video 
Sequence. 

SUMMARY OF THE INVENTION 

This present invention comprises novel methods and 
systems for correcting a discontinuous 2-3 field sequence 
within a disrupted video signal. A 2-3 pattern fixer con 
structed in accordance with the present invention can be 
operated in a one-pass mode and/or a two-pass mode. In a 
one-pass mode, the disrupted video signal is analyzed to 
generate correction information, which is used to correct the 
disrupted video signal as it passes through the 2-3 pattern 
fixer, preferably in real time, resulting in an undisrupted 
Video signal with a continuous 2-3 field sequence. In a 
two-pass mode, the disrupted video signal is analyzed to 
generate correction information, which is then stored. This 
correction information is then used to correct a duplicate of 
the disrupted video signal, resulting in an undisrupted video 
signal with a continuous 2-3 field sequence. 

In a preferred embodiment of the present invention, a 2-3 
field pattern fixer includes a field sequence detector, a field 
sequence analyzer, a field sequence generator and a multiple 
delay tap circuit. The field sequence detector receives the 
disrupted video signal and generates a series of field differ 
ence values in response thereto by sequentially comparing 
each of the fields with a field two fields previous. The field 
sequence analyzer analyzes the series of field difference 
values and generates field sequence to determine one or 
more discontinuities within the 2-3 field sequence of the 
disrupted video signal. The field sequence generator uses 
this information to generate field sequence reorganization 
information in the form of a correction signal. In the 
preferred embodiment, the correction signal comprises a 
sequence of delays. The correction signal is preferably 
generated, such that a cumulative delay within the undis 
rupted video signal is minimized and the number of odd field 
delays are minimized. The multiple delay tap circuit then 
applies the correction signal to a video signal to generate an 
undisrupted video signal having a continuous 2-3 field 
sequence. That is, selected fields of the disrupted video 
signal or duplicate of the disrupted video signal are delayed 
in accordance with the correction signal, thereby resulting in 
the undisrupted video signal. The multiple delay tap circuit 
can optionally include at least one cross-fader to cross-fade 
between an odd-delayed field and an even-delayed field, 
thereby minimizing any blur caused by odd field delays. 
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This particular embodiment of the 2-3 field pattern fixer 
can be operated in the one-pass mode. In this connection, the 
disrupted video signal is analyzed to determine one or more 
discontinuities with the discontinuous 2-3 field sequence. 
The discontinuities can be determined by detecting a scene 
change and a phase change within the 2-3 field sequence. 
Field sequence reorganization information, and in particular, 
correction signals are then generated based on these discon 
tinuities. These correction signals are then applied to the 
disrupted video signal as it passes through the 2-3 field 
pattern fixer, thereby generating an undisrupted video signal 
having a continuous 2-3 field sequence from the disrupted 
Video signal. 
The 2-3 field pattern fixer can optionally include a first 

in-first-out (FIFO) memory and a time code comparator, 
allowing the 2-3 field pattern fixer to operate in a two-pass 
mode. The FIFO is coupled between the field sequence 
generator and the multiple tap delay circuit and can store 
several correction signals. The time code comparator is 
operatively coupled to the FIFO and the multiple delay tap 
circuit to coordinate the timing of the correction signals as 
they are input into the multiple delay tap circuit. The time 
code comparator receives at a first input a current time code 
of the duplicated disrupted video signal, and at a second 
input, a trigger time code generated in the field sequence 
generator and stored in the FIFO. The trigger time code 
corresponds with the time code during which the next 
correction signal in the FIFO will be initially applied to the 
duplicated disrupted video signal. In response thereto, the 
time code comparator generates a trigger signal that is input 
into the FIFO and the multiple delay tap circuit. 

In the two-pass mode, the disrupted video signal is 
analyzed during the first pass to determine one or more 
discontinuities with the discontinuous 2-3 field sequence. 
Field sequence reorganization information, and in particular, 
correction signals and corresponding trigger time codes are 
then generated based on the discontinuities and associated 
time codes. These correction signals and corresponding 
trigger time codes are stored in the FIFO. During the second 
pass, the duplicated disrupted video signal is received by the 
multiple tap delay circuit. When the current time code of the 
duplicated disrupted video signal and the first trigger time 
code match, the time code comparator sends a trigger signal 
to the multiple delay tap circuit to begin applying the 
correction signal to the duplicated disrupted video signal. 
The trigger signal is also sent to the FIFO to advance the 
next correction signal for Subsequent use by the multiple 
delay tap circuit, and the next trigger time code to the time 
code comparator. When the current time code of the dupli 
cated disrupted video signal matches the next trigger time 
code, the time comparator again sends a trigger signal to the 
multiple delay tap circuit to begin applying the next correc 
tion signal. This process is then repeated until the last 
correction signal in the FIFO has been applied to the 
duplicate disrupted video signal. Each of the correction 
signals are preferably applied to the duplicated disrupted 
video signal at a field rate equal to the field rate of the 
disrupted video signal. 

Other and further objects, features, aspects, and advan 
tages of the present invention will become better understood 
with the following detailed description of the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings illustrate both the design and utility of 
preferred embodiments of the present invention, in which: 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
FIG. 1 is a block diagram of a preferred embodiment of 

a 2-3 field pattern fixer constructed in accordance with the 
present invention; 

FIG. 2 is table showing the derivation of first and second 
continuous 2-3 field sequences from a discontinuous 2-3 
field sequence by respectively employing two correction 
signals: 

FIG. 3 is a plot of field difference values generated from 
each of the fields of the discontinuous 2-3 field sequence 
depicted in FIG. 2, wherein the phase and edit point of the 
discontinuous 2-3 field sequence are particularly indicated 
by the field difference values; and 

FIG. 4 is a block diagram of a compensatory multiple 
delay tap circuit, which can be employed in the 2-3 field 
pattern fixer of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows a schematic representation of a 2-3 field 
pattern fixer 10, which is configured to receive, at an input 
IN, a disrupted video signal VIDEO, having a series of 
fields arranged in a discontinuous 2-3 field sequence, i.e., a 
2-3 field sequence having at least one discontinuity, and 
transmit, at an output OUT, an undisrupted video signal 
VIDEO, having a series of fields arranged in a continuous 
2-3 field sequence, i.e., a 2-3 field sequence having no 
discontinuities. The 2-3 field pattern fixer 10 is configured to 
selectively operate in either a one-pass mode or a two-pass 
mode. In the one pass mode, the 2-3 field pattern fixer 10 
analyzes the disrupted video signal VIDEO, and generates, 
based on the results of this analysis, the undisrupted video 
signal VIDEO from the disrupted video signal VIDEO, 
as the analysis is being performed. The 2-3 field pattern fixer 
10 is configured, Such that the disrupted video signal 
VIDEO is corrected in real time. In the two-pass mode, the 
2-3 field pattern fixer 10 analyzes several scenes of the 
disrupted video signal VIDEO, and stores the results of the 
analysis (first pass). Based on the stored results of the 
analysis, the undisrupted video signal VIDEO is then 
generated from a duplicated video signal VIDEO, (second 
pass). The 2-3 field pattern fixer 10 is configured, such that 
the disrupted video signal VIDEO, is corrected in real time 
during the second pass. In this connection, the 2-3 field 
pattern fixer 10 generally includes a field sequence detector 
12, a time code comparator 14, a field sequence analyzer 16, 
a field sequence generator 18, and a multiple delay tap 
circuit 20, the arrangement of which will be described in 
further detail below. 
The field sequence detector 12 detects the discontinuous 

2-3 field sequence within the disrupted video signal 
VIDEO, which is serially fed into the input IN, and 
generates a field difference value AFD in response thereto 
indicative of the detected 2-3 field sequence. In this con 
nection, the field sequence detector 12 includes an input 22 
on which the disrupted video signal VIDEO, is received. 
The field sequence detector 12 further includes an absolute 
value subtractor 24, one input of which is directly coupled 
to the input 22 and the other input of which is coupled to the 
input 22 through a two-field delay 26. Preferably, the two 
field delay 26 is implemented using a random access 
memory (RAM), which can be used to respectively write the 
serial bits of the video signal to and read the serial bits of the 
video signal from. It should be noted however, that any 
circuit that generates a two-field delay can be employed 
without straying from the principles of this invention. The 
absolute value subtractor 24 subtracts the pixel values within 
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the current field from the pixel values within a field twice 
removed in sequence from the current field, and outputs an 
absolute, unsigned pixel difference value APIX in response 
thereto. 

The field sequence detector 12 further includes a field 
accumulator 28, a vertical detector 30 and a memory device 
31. The field accumulator 28 is coupled to the absolute value 
subtractor 24 and accumulates the pixel difference values 
APIX as they are output from the absolute value subtractor 
24. The field accumulator 28 then generates and outputs an 
accumulated pixel difference value APIX. The memory 
device 31 is coupled to the field accumulator 28 and stores 
the accumulated pixel difference value APIX, as it is 
output from the field accumulator 28. The vertical detector 
30 is coupled to the input 22 and detects a vertical synchro 
nization signal within the disrupted video signal VIDEO, 
and thus the beginning of the next field. Upon detection of 
the vertical synchronization signal, the vertical detector 30 
simultaneously sends a reset signal RST to the field accu 
mulator 28 to reset the accumulated pixel difference value 
APIX to 0, and a save signal SAVE to the memory device 
31 to save the accumulated pixel difference value APIX, 
which is then output on an output 32 as the field difference 
value AFD. This process is repeated for each field of the 
disrupted video signal VIDEO. As will be discussed in 
further detail below, the field difference value AFD is 
indicative of the 2-3 field sequence, namely, a phase of the 
2-3 field sequence and an edit point, i.e., a scene change, 
within 2-3 field sequence. 

The time code comparator 14 is employed when the 2-3 
field pattern fixer 10 is in the second pass of the two-pass 
mode, and synchronizes the fields of the duplicated dis 
rupted video signal VIDEO, with the corresponding fields 
of the disrupted video signal VIDEO, which was previ 
ously analyzed during the first pass. A time code reader 15 
converts a vertical interval time code (VITC) incorporated 
within the disrupted video signal VIDEO, into a current 
time code TC or a VITC incorporated within the dupli 
cated disrupted video signal VIDEO, into a current time 
code TC. The current time codes TC or TC. are 
generated in the form of parallel time code data bits. 
Alternatively, the time code reader 15 can convert a longi 
tudinal time code (LTC), which is sent to the time code 
reader 15 independently of a video signal, into the current 
time codes TC or TC. The time code comparator 14 
compares the current time code TC of the duplicated 
disrupted video signal VIDEO, received at a first input 34, 
and a trigger time code TC obtained from a previously 
analyzed disrupted video signal VIDEO, received at a 
second input 36, and outputs a trigger signal Satan output 
38. In the preferred embodiment, the trigger signal S is a 
two bit signal. When the current time code TC matches 
the trigger time code TC, the first bit of the trigger signal 
S is high. When the current time code TC is less than 
the trigger time code TC, the first bit of the trigger signal 
S is low. When the current time code TC is greater than 
the trigger time code TC, the second bit of the trigger 
signal S is high, indicating an error condition. The opera 
tion of the time code comparator 14 and the significance of 
the trigger signal S will be discussed in further detail 
below. 
A time code/field difference encoder 40 is coupled to the 

output 32 of the field sequence detector 12, the output 38 of 
the time code comparator 14 and the current time code 
TC. The time code/field difference encoder 40 encodes 
the current time code TC (or TC"), trigger signal S. 
and field difference value AFD into an encoded character 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
string CDE for use by the field sequence analyzer 16. An 
exemplary format for the character string CDE is <AA: 
BB:CC:DD:EGGGGGG/CR/LFF. AA:BB:CC:DD:E is 
encoded from the current time code TC, with AA rep 
resenting hours, BB representing minutes, CC representing 
seconds, DD representing video frame number between 0 
and 29, and E representing even or odd field. The ">' sign 
is encoded from the two bits of the trigger signal Sr., and 
changes to an "=" sign if the current time code TC equals 
the trigger time code TC, or an "?” sign if the current time 
code TC is greater than the trigger time code TC. 
GGGGGG indicates the field difference value AFD. CR 
represents a carriage return, and LF represents line feed. The 
character string CDE is input into a First-In-First-Out 
(FIFO) memory 42, where several character strings CDE 
can be stored. The FIFO 42 allows the field sequence 
analyzer 16 and field sequence generator 18 to utilize the 
character strings CDE in non-real time. This is especially 
important if the field sequence analyzer 16 and field 
sequence generator 18 are embodied in a personal computer 
(PC), which typically does not read its serial port immedi 
ately. 
The field sequence analyzer 16 decodes and analyzes the 

field difference values AFD encoded in the character strings 
CDE, which are used to determine the 2-3 field sequence 
of the disrupted video signal VIDEO. The field sequence 
generator 18 generates field sequence reorganization infor 
mation in the form of a field sequence correction signal S. 
and a trigger time code TC, which are encoded in a 
character string CDE. As will be discussed in further 
detail below, the trigger time code TC corresponds to the 
particular field of the duplicated disrupted video signal 
VIDEO, to which the field sequence correction signal will 
be applied during the second pass in a two-pass mode. 
Preferably, the field sequence analyzer 16 and field sequence 
generator 18 are embodied in a standard personal computer 
(PC). It should be noted, however, that the field sequence 
analyzer 16 and field sequence generator 18 can be embod 
ied in logic circuitry without Straying from the principles of 
this invention. The PC includes an RS232 serial input port 
44, which is coupled to the FIFO 42, and an RS232 serial 
output port 46. 
The field sequence analyzer 16 particularly analyzes the 

field difference values AFD to determine the phase of the 
discontinuous 2-3 field sequence and any edit point within 
the 2-3 field sequence. For instance, FIG. 2 depicts an 
exemplary discontinuous 2-3 field sequence having alternat 
ing distinct two-field sequences 2FS and distinct three-field 
sequences 3FS. The reference letters A, B, C, D, etc., 
respectively designate the film frames from which the fields 
are derived. The reference numbers 1 and 2 respectively 
designate field 1 and field 2 (odd and even, or even and odd). 
As is apparent, a discontinuity in the form of an edit point 
EP (or scene change) has been generated between field H2 
and field M1, causing, in this case, a change in the phase of 
the 2-3 field sequence. The field difference values AFD 
output from the field sequence detector 12 are indicative of 
the first field of a scene change, as well as the third field of 
a distinct three-field sequence. That is, a comparison of the 
first two fields immediately Subsequent to a scene change 
with the first two fields previous to each will result in a 
relatively large field difference value AFD for two fields. On 
the contrary, a comparison of the third and first fields of a 
distinct three field sequence 3FS will result in a relatively 
low field difference value AFD. If the disrupted video signal 
VIDEO, is generated from a telecine digital recording that 
repeats the third field of the three field frame from digital 
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memory, the field difference value AFD may actually be 
Zero. Comparison of a field that is not the first field of a 
scene change or the third field of a distinct three-field 
sequence 3FS will result in a nominal field difference value 
AFD providing a reference for determination of the first field 
of a scene change and the third field of a distinct three-field 
sequence 3FS. 

FIG. 3 shows a sequence of field difference values AFD 
output from the field sequence detector 12 as each field of 
the 2-3 field sequence depicted in FIG. 2 is detected. As can 
be seen, a high field difference value AFD is output from the 
field sequence detector 12 at field 21 (M1) indicating field 
M1 as the first field of a scene change. A low field difference 
value AFD is output from the field sequence detector 12 at 
fields 5 (B1), 10(D2), 15(F1), 200H2), 24(N2), 29(P1), 
34(R2), 39 (T1), etc., indicating the third field of each of the 
distinct three-field sequences, which repeats every five fields 
up until field 24(N2), and then repeats every five fields 
thereafter. 

The field sequence analyzer 16 analyzes the sequence of 
field difference values AFD to determine the first field of the 
scene change and the change in the phase of the 2-3 field 
sequence. To determine a phase change within the 2-3 field 
sequence, the field sequence analyzer 16 correlates the third 
field of every three-field sequence 3FS to the current time 
code TC. The field sequence analyzer 16 first converts 
the current time code TC to an integer, and then performs 
a modulo-5 operation on this integer to obtain a repeating 
time code sequence of 0, 1, 2, 3, 4. The field sequence 
analyzer 16 then correlates the third field of every three-field 
sequence 3FS with one of these five integers. In a continuous 
2-3 field sequence, every third field of a three-field sequence 
3FS will correlate with the same integer, indicating a con 
stant phase through the 2-3 field sequence. When there is a 
discontinuity within the 2-3 field sequence (typically caused 
by an edit point), the phase of the 2-3 field sequence will 
usually be altered. For instance, assuming field 1 (A1) in 
FIG. 2 correlates with the time code integer 0, the phase of 
the discontinuous 2-3 field sequence correlates with the time 
code integer 4 (fields 5(B1), 10(D2), 15(F1), 200H2)) up 
until the edit point EP. After the edit point EP, the phase of 
the discontinuous 2-3 field sequence correlates with the time 
code integer 3 (fields 24(N2), 29(P1), 34(R2), 39(T1)), thus 
representing a phase change of -1. An edit point that occurs 
immediately after the third field of a three-field sequence 
3FS or the second field of a two field sequence without a 
phase change will not generate a discontinuity within the 2-3 
field sequence. This condition generally occurs 8% of the 
time. A phase change in the 2-3 field sequence not resulting 
from an edit point EP indicates an error condition. 

Based on the determination of the first field of the scene 
change and the phase change of the discontinuous 2-3 field 
sequence, the field sequence generator 18 generates field 
sequence reorganization information, which can Subse 
quently be applied to either the disrupted video signal 
VIDEO, (one-pass mode) or the duplicated disrupted video 
signal VIDEO, (two-pass mode), to generate the undis 
rupted video signal VIDEO. This reorganization infor 
mation is based on a reorganization of the disrupted 2-3 field 
sequence internally performed within the field sequence 
generator 18. In particular, with knowledge of the first field 
of the scene change and the phase change of the discontinu 
ous 2-3 field sequence obtained from the field sequence 
analyzer 16, the field sequence generator 18 deletes, repeats 
and/or swaps fields within the discontinuous 2-3 field 
sequence to generate the continuous 2-3 field sequence. For 
instance, a distinct two-field sequence 2FS can be changed 
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8 
to a distinct three-field sequence 3FS by repeating one of the 
fields. A distinct three-field sequence 3FS can be changed to 
a distinct two-field sequence 2FS by deleting the first or third 
field of the distinct three-field sequence 3FS. A distinct 
two-field sequence 2FS composed of an odd field and then 
an even field can be changed to a distinct two-field sequence 
2FS composed of an even field and then an odd field by 
Swapping fields, and vice versa. A distinct three-field 
sequence 3FS composed of an even field, then an odd field, 
and then an even field can be changed to a distinct three-field 
sequence 3FS composed of an odd field, then an even field, 
and then an odd field by repeating and deleting fields. 
As will be described in further detail below, the field 

sequence generator 18 performs this reorganization by asso 
ciating a relative delay for certain of the fields of the 
discontinuous 2-3 field sequence. This delay information is 
used to generate a delay sequence for each of the fields of the 
continuous 2-3 field sequence, beginning with the first field 
of the scene and ending with the last field of the scene (the 
scene change location may move a field or two after this 
process). For instance, the discontinuous 2-3 field sequence 
of FIG. 2 is shown reconstructed into either a first continu 
ous 2-3 field sequence or a second continuous 2-3 field 
sequence by assuming a relative delay for certain of the 
fields of the discontinuous 2-3 field sequence. As is appar 
ent, frame 21 (M1) is the first field of the scene change, and 
the scene change has caused a phase change in the 2-3 field 
sequence of -1 (i.e., frame 24(N2) is four frames removed 
from frame 200D2) instead of five). Based on this, the field 
sequence generator 18 can determine for certain fields, the 
delay required to generate a continuous 2-3 field sequence. 

For instance, to construct the first continuous 2-3 field 
sequence, the field sequence generator 18 derives the partial 
field sequence M1/M2/N1/N2/N1 from the discontinuous 
2-3 field sequence by associating a 0 field delay and a 1 field 
delay with field 21 (M1), a 0 field delay and a 2 field delay 
with field 23(N1), and a 0 field delay with field 24(N2). The 
field sequence M1/M2/N1/N2/N1 can then be respectively 
used for fields 21–25. It should be noted that only the fields 
of the discontinuous 2-3 field sequence required to construct 
a continuous 2-3 field sequence have a delay associated 
therewith. For example, a delay is not associated with field 
22(N2), which is effectively ignored. Carrying this process 
throughout the scene will result in a delay sequence of 0, 1, 
0, 0, 2, 0, 2, 0, 0, 2, 0, 2 for fields 21–32. As can be seen, 
a repeating delay sequence of 0,0.2,0.2 occurs after the 1 
field delay. Although not depicted, odd field delays can 
occur at the end of the scene, just like at the beginning of the 
SCCC. 

To construct the second 2-3 field sequence, the field 
sequence generator 18 derives the sequence N1/N2/O1/O2/ 
O1 from the discontinuous 2-3 field sequence by associating 
a -2 field delay with field 23(N1), a 0 field delay with field 
22(N2), a -2 field delay and a 0 field delay with field 25(O1), 
and a -2 field delay for field 26(O2). A delay is not 
associated with frame 21 (M1) and frame 24(N2), which are 
effectively ignored. Thus, a delay sequence having a repeat 
ing delay sequence of -2.0.-2,-2.0, is generated for fields 
21–25, and so on. It should be noted that, in reality, a 
negative delay cannot be achieved. The negative delays 
represented in FIG. 2, however, are relative to a fixed delay. 
For example, if there is a fixed delay of 10 fields, a -2 field 
delay would actually be an absolute 8 field delay. As will be 
discussed in further detail below, the field sequence genera 
tor 18 generates a delay sequence based on various criteria. 
The delay sequence is used to generate a correction signal 
S. When the 2-3 pattern fixer 10 is in the two-pass mode, 
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the field sequence correction signal S along with the 
corresponding time code, i.e., the trigger time code TC, is 
stored in a log 48 during the first pass of the two-pass mode. 
For example, the delay sequence 0, 1, 0,0.2,0.2, 0,0.2,0.2, 
etc. depicted in FIG. 2 with respect to the first continuous 
2-3 field sequence will result in a correction signal of 0, 1 
and a correction signal of 0, 0, 2, 0, 2. The repeating delay 
sequence of -2.0-2,-2.0 depicted in FIG. 2 with respect to 
the second continuous 2-3 field sequence will result in a 
single correction signal of -2, 0, -2, -2, 0. A multitude of 
correction signals S and corresponding trigger time 
codes TC are accumulated over several scenes and stored 
in the log 48. 
The field sequence correction signals S and corre 

sponding trigger time codes TC are encoded into control 
character strings CDE and output on the RS232 serial 
output port 46. An exemplary format for the character string 
CDE is {AA:BB:CC:DD:E-HHHHH/CR/LF/, where 
AA:BB:CC:DD:E is the trigger time code TC with AA 
representing hours, BB representing minutes, CC represent 
ing seconds, DD representing video frame number between 
0 and 29, and E representing even or odd field; HHHHH 
represents the field sequence correction signal S. CR 
represents carriage return; and LF represents line feed. The 
character string CDE is input into a First-In-First-Out 
(FIFO) memory 50, where several character strings CDE 
TRL can be stored. The FIFO 50 obviates the need for the 
field sequence analyzer 16 and field sequence generator 18 
to respond to each field, eliminating the need of the field 
sequence analyzer 16 and field sequence generator 18, i.e., 
the PC, to operate in real time. The output of the time code 
comparator 14 is coupled to and inputs the trigger signal St. 
into the FIFO 50. When the 2-3 field pattern fixer 10 is 
performing the second pass of the two-pass mode, and when 
the trigger signal S indicates that the current time code 
TC, is equal to the trigger time code TC, as discussed 
above, the FIFO 50 outputs the next control character string 
CDE. When the 2-3 field pattern fixer 10 is in the 
one-pass mode, the field sequence generator 18 provides the 
signal to output the control character string CDE. 
A time code/correction signal decoder 52 is coupled to the 

FIFO 50 and receives the next control character string 
CDE. The time code/correction signal decoder 52 out 
puts, on a first output, the decoded correction signal S for 
subsequent use by the multiple delay tap circuit 20 and on 
a second output, the trigger time code TC for input into the 
second input 36 of the time code comparator 14. As will be 
described in further detail below, application of the trigger 
time code TC to the second input 36 of the time code 
comparator 36 and Subsequent generation of the trigger 
signal S allows the proper correction signal Sco to be 
applied to the duplicated disrupted video signal VIDEO, 
when the 2-3 pattern fixer 10 is in the two-pass mode. 

The field sequence analyzer 16 generates a reset code 
CDE if the current time code TC backs up, i.e., the 
Videotape is rewound. The reset code CDEs is output 
when the current time code TC either stops or is for 
warded, i.e., the videotape is cued or played. The reset 
decoder 54 is coupled to the field sequence analyzer 16 and 
decodes the reset code CDEs upon reset thereof. The 
output of the reset decoder 54 is coupled to and clears the 
FIFO 50 and time code/correction signal decoder 52 in 
response to the reset code CDEs. The reset code CDEs 
allows the field sequence analyzer 16 to clear the control 
character strings CDE from the FIFO 50 and input the 
proper control character strings CDE when the cleared 
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10 
control character strings CDE are out of synchroniza 
tion with the current time code TC. 
The multiple delay tap circuit 20 includes a first input 55 

to receive the disrupted video signal VIDEO, (or duplicated 
video signal VIDEO) and an output 56 to output the 
undisrupted video signal VIDEO. A second input 58 of 
the multiple delay tap circuit 20 is coupled to the output of 
the time code/correction signal decoder 52 to receive the 
field sequence correction signal S. The multiple delay 
tap circuit 20 includes a fixed delay 60, a bank of delay taps 
62 and a delay tap selector 64. For the purposes of illustra 
tion, the bank of delay taps 62 is shown to include 0, 1, 2, 
3, and 4 field delay taps. Each of the fields of the disrupted 
video signal VIDEO, or duplicated video signal VIDEO, 
can be relatively delayed within a range of between -2 and 
2 fields, as discussed above. Preferably, the fixed delay 60 is 
several fields in length to provide the field sequence analyzer 
16 enough time to analyze the discontinuous 2-3 field 
sequence of the disrupted video signal VIDEO, and the 
field sequence generator 18 enough time to generate the field 
sequence correction signals Sc in response thereto, when 
the 2-3 field pattern fixer 10 is in the one-pass mode. 
Preferably, the fixed delay 60 and delay taps 62 are imple 
mented using a random access memory (RAM). It should be 
noted that the audio signal (not shown) should be delayed 
the same number of fields equal to the fixed delay 60 plus the 
delay of the center tap to facilitate the synchronization of the 
audio signal and the undisrupted video signal VIDEO, 
when applied to videotape. 
The bank of field delay taps 62 include delay taps 0, 1, 2, 

3, and 4, which represent alternating even and odd fields of 
delay, i.e., relative delays of -2, -1, 0, 1, and 2fields. Delay 
tap 0 (relative delay of -2 fields) is generated by connecting 
a direct line between the fixed delay 60 and the delay control 
circuit 88. Delay tap 1 (relative delay of -1 field) is 
generated by connecting a 262/2-line delay between the 
fixed delay 60 and the delay control circuit 88. The 262/2- 
line delay is created by averaging, through an averaging 
circuit 70, a 262 line delay 66 with the 262 line delay 66 in 
series with a 1-line delay 68. Delay tap 2 (relative delay of 
0 fields) is generated by connecting a 525-line delay 72 
between the fixed delay 60 and the delay control circuit 88. 
Delay tap 3 (relative delay of 1 field) is generated by 
connecting the 525 line delay 72 and 262/2 line delay 
between the fixed delay 60 and the delay control circuit 88. 
The 262/2-line delay is created by averaging, through an 
averaging circuit 78, a 262 line delay 74 with the 262-line 
delay 74 in series with a 1-line delay 76. Delay tap 4 
(relative delay of 2 fields) is generated by connecting the 
525-line delay 72 and a 525-line delay 80 between the fixed 
delay 60 and the delay control circuit 88. It should be noted 
that by adjusting the number of lines in each delay appro 
priately, the 2-3 pattern fixer 10 can be used for other 
applications, such as, e.g., high definition television 
(HDTV). 
The delay tap selector 64 includes a register 82, a switch 

84, a counter 86 and a delay control circuit 88. The register 
82 is connected to the second input 58 and stores the field 
sequence correction signal Sco received on the second 
input 58 from the time code/correction signal decoder 52. 
The delay numbers within the field sequence correction 
signal S are respectively output onto five lines leading to 
five takeoffs on the switch 84. The counter 86, which 
continuously counts from 1 to 5, is operatively coupled to 
the switch 84, such that the switch 84 serially outputs the 
delay numbers of the field sequence correction signal S. 
The register 82 and counter 86 each includes an input 
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coupled to the output 38 of the time code comparator 14 to 
receive the trigger signal S. When the trigger signal S. 
indicates that the current time code TC equals the trigger 
time code TC, the register 82 saves the field sequence 
correction signal S output from the time code/correction 
signal decoder 52 and the counter 86 is reset to 1. The 
counter 86 is keyed to the beginning of each field. In this 
regard, the output of the vertical detector 30 is coupled to the 
counter and sends an advance signal ADV thereto at the 
beginning of each field. In this manner, a delay number is 
output from the switch 84 at the beginning of each field. The 
delay control circuit 88 is coupled between the switch 84 and 
the bank of delay taps 62. The delay control circuit 88 selects 
a particular tap corresponding to the delay number received 
by the delay control circuit 88. For instance, if the delay 
number received by the delay control circuit 88 is -2, the 
delay control circuit 88 will select delay tap 0. By selecting 
the appropriate delay taps, the disrupted video signal 
VIDEO, (or duplicated disrupted video signal VIDEO, 
received at the first input 55 of the multiple delay tap circuit 
20 can be reconstructed to generate the undisrupted video 
signal VIDEO at the output 56 of the multiple delay tap 
circuit 20 in accordance with the field sequence correction 
signal Sc generated by the field sequence generator 18. It 
should be noted that the bank of delay taps 62 can include 
more delay taps than those depicted in FIG. 1, providing the 
field sequence generator 18 increased flexibility in selecting 
a delay sequence. 

It should be noted that a vertically blurred field is gener 
ated when the odd field delay taps (1-field and 3-field delay 
taps) are used due to the averaging of signals offset from 
each other by a 1 line delay. As such, it is generally 
undesirable to generate a delay sequence with an odd 
number. This undesirable effect, however, will only occur in 
a minimum number of fields, generally at the beginning 
and/or the end of a scene. 
The resultant blurred field may be minimized or elimi 

nated by deriving at least a portion of the field from a field 
that is delayed an even number of fields, by employing the 
multiple delay tap circuit 100 depicted in FIG. 4, instead of 
the multiple delay tap circuit 20 depicted in FIG. 1. The 
multiple delay tap circuit 100 includes a compensating bank 
of delay taps 102, along with the fixed delay 60 and the delay 
tap selector 64. As with the bank of delay taps 62, delay taps 
0, 2 and 4 represent even fields of delay (i.e., relative delays 
of -2.0 and 2 fields). Delay tap 0 (relative delay of -2 fields) 
is generated by connecting a 525-line delay 106 between the 
fixed delay 60 and the delay control circuit 88. Delay tap 2 
(relative delay of 0 fields) is generated by connecting the 
525-line delay 106 and a 525-line delay 110 between the 
fixed delay 60 and the delay control circuit 88. Delay tap 4 
is generated by connecting the 525-line delays 106 and 110 
and a 525-line delay 114 between the fixed delay 60 and the 
delay control circuit 88. 
The bank of delay taps 102 are compensating in that delay 

tap 1 can be cross-faded between a first odd-delayed field, 
i.e., field with a relative delay of -1 field (-1FD), and one 
of the two even-delayed fields immediately adjacent the first 
odd-delayed field, i.e., a field with a relative delay of -2 
fields or 0 fields (2FD or OFD); and delay tap 3 can be 
cross-faded between a second odd-delayed field, i.e., a field 
having a relative delay of 1 field (1FD), and one of the two 
even-delayed fields immediately adjacent the second odd 
delayed field, i.e., a field having a relative delay of 0 fields 
or 2 fields (OFD or 2FD). In particular, as the difference in 
the pixel difference values APIX between an odd-delayed 
field and one of the immediately adjacent odd-delayed fields 
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12 
increases, indicating increased motion, the delay taps 1 and 
3 are faded to an odd field delay. On the contrary, as the 
difference in the pixel difference values APIX between an 
odd-delayed field and one of the immediately adjacent 
odd-delayed fields decreases, indicating decreased motion, 
the delay taps 1 and 3 are faded to one of the immediately 
adjacent even-delayed fields. To ensure that there is cross 
fading between an odd-delayed field and an even-delayed 
field within the same scene, the lesser of the two even field 
delays (-2FD) immediately adjacent the first odd-delayed 
field (-1FD), and the lesser of the two even field delays 
(OFD) immediately adjacent the second odd-delayed field 
(1FD) are selected at the beginning of the scene, and the 
greater of the two even field delays (OFD) immediately 
adjacent the first odd-delayed field (-1FD) and the greater of 
the two even field delays (2FD) immediately adjacent the 
second odd-delayed field (1FD) are selected at the end of the 
SCCC. 

Cross-fading between the first odd-delayed field (-1FD) 
and one of the two immediately adjacent even-delayed fields 
(-2FD or OFD) is accomplished through a first cross-fader 
126 and associated first switch 130. In particular, the 525 
line delay 106 and a 262/2 line delay are connected between 
the fixed delay 60 and a first input of the first cross-fader 
126. The 262/2-line delay is created by averaging, through 
an averaging circuit 118, a 262-line delay 108 with the 
262-line delay 108 in series with a 1-line delay 120. The 
525-line delay 106 and the 525-line delay 106 in series with 
a 525-line delay 110 are connected between the fixed delay 
60 and a second input of the first cross-fader 126 via the first 
Switch 130. 

Similarly, cross-fading between the second odd-delayed 
field (1D) and one of the two immediately adjacent even 
fields (OD or 2FD) is accomplished through a second cross 
fader 128 and associated second switch 132. In particular, 
the 525-line delays 106 and 110 and a 262/3-line delay are 
connected between the fixed delay 60 and a first input of the 
second cross-fader 128. The 262/3-line delay is created by 
averaging, through an averaging circuit 122, a 262-line 
delay 112 with the 262-line delay 112 in series with a 1-line 
delay 124. The 525-line delays 106 and 110, and the 525 line 
delays 106 and 110 in series with a 525-line delay 114 are 
connected between the fixed delay 60 and another input of 
the second cross-fader 128 via the second switch 132. 
A switch signal SWITCH, preferably generated in the 

field sequence analyzer 16, is applied to the first switch 130 
to toggle selection between one of the two even field delays 
(-2FD or OFD) immediately adjacent the first odd-delayed 
field (-1FD). The same switch signal SWITCH is applied to 
the second switch 132 to toggle selection between one of the 
two even field delays (OD or 2FD) immediately adjacent the 
second odd-delayed field (1D). Thus, application of the 
switch signal SWITCH to the respective first and second 
switches 130 and 132 either outputs the lesser of the even 
field delays (-2FD and OFD) to the respective first and 
second cross-faders 126 and 128, preferably at the beginning 
of the scene, or the greater of the even field delays (OD and 
2FD) to the respective first and second cross-faders 126 and 
128, preferably at the end of the scene. As will be described 
in further detail below, application of the first control signal 
CTRLTM to the first cross-fader 126 cross-fades between the 
first odd-delayed field (-1FD) and the selected immediately 
adjacent even field (-2FD or OFD). Similarly, application of 
the second control signal CTRL2 to the second cross-fader 
128 cross-fades between the second odd-delayed field (1D) 
and the selected immediately adjacent even field (OD or 
2FD). 
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The first control signal CTRL1 is generated thusly. A first 
input of a first absolute value subtractor 138 is coupled to the 
262-line delay 108 and a second input of the first absolute 
value subtractor 138 is coupled to the output of a third 
switch 134. A first input of the third switch 134 is coupled 
to the 262-line delay 104 and a second input of the third 
switch 134 is coupled to the 262-line delay 112. Thus, the 
first absolute value subtractor 138 compares, on a pixel-by 
pixel basis, the first odd-delayed field (-1FD) with one of 
the fields having an odd field delay (-3FD or 1FD) imme 
diately adjacent the first odd-delayed field (-1FD). The 
switch signal SWITCH is applied to the third switch 134 to 
select between the two immediately adjacent odd-delayed 
fields (-3FD or 1FD). That is, at the beginning of the scene, 
the lesser immediately adjacent odd-delayed field (3D) 
immediately adjacent the first odd-delayed field (-1FD) is 
selected. At the end of the scene, the greater immediately 
adjacent odd-delayed field (1FD) is selected. The first abso 
lute value subtractor 138 calculates the absolute difference 
between the pixels of the first odd-delayed field (-1FD) and 
the selected immediately adjacent odd-delayed field (3D or 
1FD), and generates an absolute pixel difference APIX value 
in response thereto Because the determination of the motion 
within the immediately adjacent even-delayed field (-2FD 
or OFD) is pertinent to whether the first cross-fader 126 fades 
to the selected immediately adjacent even-delayed field 
(-2FD or OFD), the absolute pixel difference value APIX is 
preferably further processed to provide a more accurate 
estimate of the motion within the selected immediately 
adjacent even-delayed field (-2FD or OFD). Thus, a first 
input of a first fade control 140 is directly coupled to the 
output of the first absolute value subtractor 138, and a 
second input of the first fade control 140 is coupled to the 
output of the absolute value subtractor 138 via a 1-line delay 
142. 
The first fade control 140 averages, or alternatively, adds 

the absolute pixel difference value APIX with the absolute 
pixel difference value APIX delayed by 1-line. Alternatively, 
the fade control 140 selects the maximum of the absolute 
pixel difference value APIX and the absolute pixel difference 
value APIX delayed by 1-line, so that the first cross-fader 
126 conservatively fades to the selected immediately adja 
cent even field delay (-2FD or OFD). The fade control 140 
generates the first control signal CTRL1, which is input into 
the first cross-fader 126. As the amplitude of the first control 
signal CTRL1 decreases, the further the first cross-fader 126 
fades to the selected immediately adjacent even-delayed 
field (-2FD or OFD), and as the amplitude of the first control 
signal CTRL1 increases, the further the first cross-fader 126 
fades to the first odd-delayed field (-1FD). 
The second control signal CTRL2 is generated thusly. A 

first input of a second absolute value subtractor 144 is 
coupled to the 262-line delay 112 and a second input of the 
second absolute value subtractor 144 is coupled to the output 
of a fourth switch 136. A first input of the fourth switch 136 
is coupled to the 262-line delay 108 and a second input of 
the fourth switch 136 is coupled to a 262-line delay 116. 
Thus, the second absolute value Subtractor 144 compares, on 
a pixel-by-pixel basis, the second odd-delayed field (1D) 
with one of the odd-delayed fields (-1FD or 3FD) immedi 
ately adjacent the second odd-delayed field (1D). The switch 
signal SWITCH is applied to the fourth switch 136 to select 
between the two immediately adjacent odd-delayed fields 
(-1FD or 3FD). That is, at the beginning of the scene, the 
lesser delayed immediately adjacent odd field (-1FD) is 
selected, and at the end of the scene, the greater immediately 
adjacent odd-delayed field (3D) is selected. The second 
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14 
absolute value subtractor 144 calculates the absolute differ 
ence between the pixels of the second odd-delayed field 
(1D) and the selected immediately adjacent odd field (-3FD 
or 1FD), and generates an absolute pixel difference APIX 
value in response thereto. Because the determination of the 
motion within the immediately adjacent even-delayed field 
(OD or 2FD) is pertinent to whether the second cross-fader 
128 fades to the selected immediately adjacent even-delayed 
field (OD or 2FD), the absolute pixel difference value APIX 
is preferably further processed to provide a more accurate 
estimate of the motion within the selected immediately 
adjacent even-delayed field (OD or 2FD). Thus, a first input 
of a second fade control 146 is directly coupled to the output 
of the second absolute value subtractor 144, and a second 
input of the second fade control 146 is coupled to the output 
of the second absolute value subtractor 144 via a 1-line delay 
148. 
The second fade control 146 averages, or alternatively, 

adds the absolute pixel difference value APIX with the 
absolute pixel difference value APIX delayed by 1-line. 
Alternatively, the second fade control 146 selects the maxi 
mum of the absolute pixel difference value APIX and the 
absolute pixel difference value APIX delayed by 1-line, so 
that the first cross-fader 126 conservatively fades to the 
selected immediately adjacent even-delayed field (-OFD or 
2FD). The second fade control 146 generates the second 
control signal CTRL2, which is input into the second 
cross-fader 128. As the amplitude of the second control 
signal CTRL2 decreases, the further the second cross-fader 
128 fades to the selected immediately adjacent even-delayed 
field (OD or 2FD), and as the amplitude of the second control 
signal CTRL2 increases, the further the second cross-fader 
128 fades to the second odd-delayed field (1D). 
The 2-3 field pattern fixer 10 can be selectively operated 

in the one-pass mode or the two-pass mode. Operation of the 
2-3 field pattern fixer 10 in the two-pass mode is described 
as follows. During the first pass, the disrupted video signal 
VIDEO, is serially received at the input 22 of the field 
sequence detector 12 where the fields of the discontinuous 
2-3 field sequence are sequentially detected and compared to 
the fields two fields previous. The field sequence detector 12 
generates and outputs field difference values AFD at the 
output 32 in response to these comparisons. The time 
codeffield difference encoder 40 encodes the current time 
codes TC and the corresponding field difference values 
AFD into a series of character Strings CDE, which are 
stored in the FIFO 42 for subsequent analysis by the field 
sequence analyzer 16. During the first pass, the trigger 
signals S are either not encoded into the character strings 
CDE or ignored by the field sequence analyzer 16. 
The field sequence analyzer 16 receives the series of 

character strings CDE at the input port 44, and then 
decodes and analyzes the series of field difference values 
AFD to determine a discontinuity of the discontinuous 2-3 
field sequence, and in particular, the first field of the scene 
change and phase change of the discontinuous 2-3 sequence. 
Because the undisrupted video signal VIDEO is not 
generated until the second pass in the two-pass mode, the 
field sequence analyzer 16 can analyze the entire Scene to 
facilitate the determination of the first field of the scene 
change and the phase change of the discontinuous 2-3 field 
sequence. This capability becomes significant when the 
beginning of the scene has no or very little motion making 
it sometimes difficult to distinguish between a third field of 
a distinct three-field sequence 3FS and the other fields until 
later in the scene. Thus, although the beginning of the scene 
may not be determined until much later in the scene, the 
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second pass allows the correction signal S to be timely 
applied to the duplicated disrupted video signal VIDEO, at 
the beginning of the scene. The field sequence generator 18 
then generates reorganization information in response to this 
information. In particular, the field sequence generator 18 
generates the field sequence correction signal S and the 
corresponding trigger time code TC. This information is 
logged into the log 48. Several scenes can be analyzed, and 
thus, several correction signals Sco and corresponding 
trigger time codes T. can be logged into the log prior to 
the second pass. 

The reorganization of the fields of the discontinuous 2-3 
field sequence into the fields of the continuous field 
sequence typically results in continuous 2-3 field sequence 
that is distorted in time, causing the resulting video signal 
and the corresponding audio signal, which is not distorted in 
time, to be out of synchronization. This will typically not 
create a problem when the respective video and audio 
signals are unsynchronized by a minimal amount of fields, 
which may result from a delay through a single scene 
change. For example, edit point EP depicted in FIG. 2 causes 
a 1 field delay for the film frames represented in the first 
continuous 2-3 field sequence (e.g., the partial sequence 
O2/O1 in the first continuous 2-3 field sequence is one field 
delayed from the partial sequence O1/O2 in the discontinu 
ous 2-3 field sequence) and a -1/1:20 field delay for the film 
frames represented in the second continuous 2-3 field 
sequence (e.g., the partial sequence O1/O2/O1 in the second 
continuous 2-3 field sequence is -1/1:20 field delayed from 
the partial sequence O1/O2 in the discontinuous 2-3 field 
sequence). 

These delays are relatively minimal. If left unchecked, 
however, the cumulative field delay through a series of scene 
changes could be relatively great, resulting in the de-syn 
chronization of the respective video and audio signals. As 
Such, for each scene change, the field sequence generator 18 
selects a particular delay sequence that would minimize the 
cumulative field delay, or at least maintain the cumulative 
field delay within a certain range. Typically, this delay range 
will include values of -2, -1/2, -1, -/2, 0, +/2,+1, +1/2,+2. 
The delay range, however, can be greater or less, depending 
on the tolerance of the delay between the respective video 
and audio signals 

Also, in selecting particular delay sequences, the field 
sequence generator 18 preferably discards disjoined single 
field frames. Such that the resulting delay sequence does not 
include an odd field delay. For example, the M1 field 
depicted in FIG. 2 is discarded in generating the second 
continuous 2-3 field sequence. Thus, in selecting particular 
field delay sequences, the field sequence generator 18 
attempts to maintain the cumulative field delay within a 
defined range, while discarding as many disjoined single 
field frames as possible. In the two-pass mode, several 
scenes can be analyzed at a time, thereby allowing a more 
efficient selection of the delay sequences. In the one-pass 
mode, the field sequence generator 18 must determine the 
delay sequence as each scene is analyzed, and therefore must 
determine whether a disjoined single field frame should be 
discarded based on the cumulative field delay at that point. 
Preferably, while in the one-pass mode, the cumulative field 
delay is maintained on the positive side of the range to allow 
the field sequence generator 18 more flexibility in discarding 
single field frames. Of course, under certain circumstances, 
whether in the two-pass mode or the one-pass mode, the 
cumulative field delay becomes too negative if every dis 
joined single field frame is discarded. 
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16 
For example, if the cumulative field delay is negative, 

Such as, e.g., -2 fields, and the tolerance level of the delay 
between the respective video and audio signals is low, the 
field sequence generator 18 may select the delay sequence 
used to generate the first continuous 2-3 field sequence in 
FIG. 2, so that the absolute cumulative field delay is lessened 
by 1 field. Although this results in the blurring of the M2 
field, selection of the delay sequence used to generate the 
second continuous 2-3 field sequence would have increased 
the absolute cumulative field delay by 1/2 fields to a 
cumulative total of -3/2 fields, which may produce a result 
more undesirable than that produced by selection of the 
delay sequence used to generate the first continuous 2-3 field 
Sequence. 

Thus, under certain circumstances, the field sequence 
generator 18 must select between which of the disjoined 
single field frames to discard. This selection process is 
preferably based on detected motion between the disjoined 
single field frame and the immediately adjacent frame 
(Subsequent frame if at the beginning of the scene, and 
preceding frame if at the end of the scene), which can be 
obtained from the field difference values AFD analyzed by 
the field sequence analyzer 16. In the case where the basic 
bank of delay taps 62 is employed, the disjoined single field 
frames in which there is detected relatively little motion are 
preferably discarded before those in which there is detected 
relatively great motion. This is because the vertical blurring 
will not be as noticeable to the viewer when there is a lot of 
motion in the vertically blurred frame. In the case where the 
compensating bank of delay taps 102 is employed, the 
disjoined single field frames in which there is detected 
relatively great motion are preferably discarded before those 
in which there is detected relatively great motion. This is 
because the compensating bank of delay taps 102 cannot 
compensate for vertically blurred frames that have relatively 
a large amount of motion. 

During the second pass, a duplicated disrupted video 
signal VIDEO, is received at the first input 55 of the 
multiple delay tap circuit 20. At the same time or prior 
thereto, the field sequence generator 18 encodes the multi 
tude of correction signals Sco and corresponding trigger 
time codes TC received from the log 48 into a correspond 
ing multitude of control character strings CDE. These 
control character Strings CDE are then output at the 
output port 46 into the FIFO 50. The first control character 
string CDE is advanced into and decoded by the time 
code/correction signal decoder 52, which then transmits the 
field sequence correction signal S to the delay tap 
selector 64 and the trigger time code TC to the second 
input 36 of the time code comparator 14. The current time 
code TC of the duplicated disrupted video signal 
VIDEO, is input into the first input 34 of the time code 
comparator 14. The current time code TC' and the trigger 
signals S are encoded by the time code/field difference 
encoder 40 into a series of character strings CDE for use 
by the PC to provide the user status. During the second pass, 
field difference values AFD are either not encoded into the 
character strings CDE, or ignored by the field sequence 
analyzer 16. 
The field sequence correction signal S is not applied 

to the duplicated disrupted video signal VIDEO, until the 
current time code TC of the duplicated disrupted video 
signal VIDEO, matches the trigger time code TC. In this 
connection, the time code comparator 14 compares the 
current time code TC' to the trigger time code TC and 
generates the trigger signal S in response thereto. The 
trigger signal S is input into the FIFO 50 and the register 
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82 and counter 86 of the multiple delay tap circuit 20. If the 
current time code TC is less than the trigger time code 
TC, the first bit of the two bit trigger signal S is low. In 
this case, the FIFO 50 is not advanced, the register does not 
save the field sequence correction signal S, and the 
counter is not reset to “1”. 

If the current time code TC is equal to the trigger time 
code TC, the first bit of the two bit trigger signal S is 
high. In this case, the register 82 of the multiple delay tap 
circuit 20 saves the field sequence correction signal S. 
and the counter 86 is reset to “1”. The field sequence 
correction signal S is output from the register 82 to the 
switch 84. With the counter 86 set at “1”, the first delay 
number is sent to the delay control circuit 88, which selects 
the delay tap within the bank of delay taps 62 in accordance 
with the delay number. The FIFO 50 is advanced, transmit 
ting the next control character string CDE to the time 
code/correction signal decoder 52, which decodes and trans 
mits the next field sequence correction signal S to the 
multiple delay tap circuit 20 and the next trigger time code 
TC to the second input 36 of the time code comparator 14. 

Until the current time code TC matches the next 
trigger time code TC, the current field sequence correction 
signal S is applied to the duplicated disrupted video 
signal VIDEO, with the counter 86 counting from 1 to 5. 
In this manner, the delay numbers of the current field 
sequence correction signal Sco are sequentially sent to the 
delay control circuit 88, thereby sequentially delaying the 
selected fields of the duplicated disrupted video signal 
VIDEO, to generate the undisrupted video signal 
VIDEO at the output 56. Thus, the correction signal Sco 
is applied to the duplicated disrupted video signal VIDEO, 
in real time, i.e., at a field rate equal to the field rate of the 
disrupted video signal VIDEO, 

Application of the delay numbers -2, -1, 0, 1 and 2 to the 
delay control circuit 88 prompts respective selection of the 
corresponding delay taps 0, 1, 2, 3 and 4, and thus selection 
of a distinct field of the duplicated disrupted video signal 
VIDEO, that has a delay corresponding to the current 
delay number. If the compensating bank of delay taps 102 
depicted in FIG. 4 are used, selection of the fields of the 
duplicated disrupted video signal VIDEO, that have been 
delayed an odd number of fields are not distinct, but are 
rather cross-faded with an immediately adjacent field. In 
particular, application of an odd delay number to the delay 
control circuit 88 prompts selection of the corresponding 
odd delay tap, and thus selection of the corresponding 
odd-delayed field and one of the immediately adjacent 
even-delayed fields. At the same time that the odd delay 
number is applied to the delay control circuit 88, the switch 
signal SWITCH is sent from the field sequence analyzer 16 
to the first, second, third and fourth switches 130, 132, 134 
and 136 to select the particular even-delayed field to and 
from which the odd-delayed field is cross-faded. Thus, if at 
the beginning of the scene, the switch signal SWITCH 
causes the switches 130, 132, 134 and 136 to switch down 
to select the greater of the immediately adjacent even 
delayed fields (OD and 2FD). If at the end of the scene, the 
switch signal SWITCH causes the switches 130, 132, 134 
and 136 to switch up to select the lesser of the immediately 
adjacent even-delayed fields (2D and OFD). 

For instance, if delay tap 1 is selected and the switches 
130 and 134 are switched down, the first odd-delayed field 
(-1FD) and the greater immediately adjacent even field 
delay (OD) are cross-faded. The first absolute value subtrac 
tor 138 compares the pixels of the first odd-delayed field 
(-1FD) with the pixels of the greater immediately adjacent 
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18 
odd-delayed field (1D), generating the pixel difference value 
APIX. The pixel difference value APIX is processed through 
the first fade control 140, generating the first control signal 
CTRL1, which is applied to the first cross-fader 126. The 
first cross-fader 126 then cross-fades between the first 
odd-delayed field (-1FD) and the greater immediately adja 
cent even-delayed field (OD) in accordance with the first 
control signal CTRL1. If the switches 130 and 134 are 
switched up, the first odd-delayed field (-1FD) and the 
lesser immediately adjacent even-delayed field (-2FD) are 
cross-faded. The first absolute value subtractor 138 com 
pares the pixels of the first odd-delayed field (-1FD) with 
the pixels of the lesser immediately adjacent odd-delayed 
field (-3FD), generating the pixel difference value APIX. 
The pixel difference value APIX is processed through the 
first fade control 140, generating the first control signal 
CTRL1, which is applied to the first cross-fader 126. The 
first cross fader 126 then cross-fades between the first 
odd-delayed field (-1FD) and the lesser immediately adja 
cent even-delayed field (-2FD) in accordance with the first 
control signal CTRL 1. 

In a similar manner, if delay tap 3 is selected and the 
switches 132 and 136 are switched down, the second odd 
delayed field (1D) and the greater immediately adjacent 
even-delayed field (2D) are cross-faded. If the switches 132 
and 136 are switched up, the second odd-delayed field (1D) 
and the lesser immediately adjacent even-delayed field (OD) 
are cross-faded. 

Referring back to FIG. 1, when the current time code 
TC does match the next trigger time code T, the first 
bit of the two bit trigger signal S again is high, thereby 
saving the next field sequence correction signal So in the 
register 82 and clearing the counter 86 to apply the next field 
sequence correction signal S to the duplicated disrupted 
video signal VIDEO. The FIFO 50 is advanced to input 
the next control character String CDE into the time 
code/correction signal decoder 52 for transmission of the 
next field sequence correction signal S to the multiple 
delay tap circuit 20 and next trigger time code T to the 
time code comparator 14. This process is repeated until the 
last field sequence correction signal S has been applied 
to the duplicated disrupted video signal VIDEO. 

Operation of the 2-3 field pattern fixer 10 in the one-pass 
mode is described as follows. The disrupted video signal 
VIDEO is serially received at the input 22 of the field 
sequence detector 12 and the first input 55 of the multiple 
delay tap circuit 20. The field sequence detector 12 sequen 
tially detects the fields of the discontinuous 2-3 field 
sequence and compares these fields to the fields two fields 
previous. The field sequence detector 12 generates and 
outputs field difference values AFD at the output 32 in 
response to these comparisons. The time code/field differ 
ence encoder 40 encodes the current time codes TC, the 
corresponding field difference values AFD, and the trigger 
signals Sr from the time code comparator 14 into a series 
of character strings CDE, which are stored in the FIFO 
42 for Subsequent analysis by the field sequence analyzer 16. 
When the 2-3 field pattern fixer 10 is in the one-pass mode, 
the trigger signals S are either not encoded in the character 
strings CDE, or are ignored by the field sequence analyzer 
16. 
The field sequence analyzer 16 receives the series of 

character strings CDE at the input port 44, and then 
decodes and analyzes the series of field difference values 
AFD to determine a discontinuity of the discontinuous 2-3 
field sequence, and in particular, the first field of the scene 
change and phase change of the discontinuous 2-3 field 



US 7,139,029 B2 
19 

sequence. The field sequence generator 18 then generates 
reorganization information in response to this information. 
In particular, the field sequence generator 18 generates the 
field sequence correction signal Sco. A corresponding 
trigger time code TC is not generated, since the field 
sequence correction signal S must be applied to the 
disrupted video signal VIDEO, as it is generated. The fixed 
delay 60 in the multiple delay tap circuit 20 is long enough 
to allow the sequence analyzer 16 and field sequence gen 
erator 18 to analyze the series of field difference values AFD 
and generate the field sequence correction signal Sco in 
time to apply the field sequence correction signal S to the 
selected fields of the disrupted video signal VIDEO. If the 
disrupted video signal VIDEO, originates from a digital 
recording, the identity or near identity of the first and third 
fields of each distinct three field sequence 3FS should allow 
the field sequence analyzer 16 to determine the discontinuity 
of the discontinuous 2-3 field sequence quickly, even if there 
is no or very little motion within the scene. 
The field sequence generator 18 encodes the field 

sequence correction signal So into a control character 
string CDE, which is then output at the output port 46 
into the FIFO 50. The control character string CDE is 
advanced into and decoded by the time code/correction 
signal decoder 52, which then transmits the field sequence 
correction signal S to the multiple delay tap circuit 20, 
where it is applied to the disrupted video signal VIDEO, 
In this connection, the register 82 of the multiple delay tap 
circuit 20 saves the field sequence correction signal S. 
and the counter 86 is reset to “1” upon the receipt of a trigger 
signal, which may be generated in the PC or timing circuitry. 
The field sequence correction signal S is output from the 
register 82 to the switch 84. With the counter 86 set at “1”, 
the first delay number is sent to the delay control circuit 88, 
which selects the delay tap within the bank of delay taps 62 
in accordance with the delay number. Until the field 
sequence generator 18 generates another field sequence 
correction signal S, the current field sequence correction 
signal S is applied to the duplicated disrupted video 
signal VIDEO, with the counter 86 counting from 1 to 5. 
In this manner, the delay numbers of the current field 
sequence correction signal S are sequentially sent to the 
delay control circuit 88, thereby sequentially delaying the 
selected fields of the disrupted video signal VIDEO, to 
generate the undisrupted video signal VIDEO at the 
output 56. Thus, the correction signal S is applied to the 
disrupted video signal VIDEO, in real time, i.e., at a field 
rate equal to the field rate of the disrupted video signal 
VIDEO, 

It should be noted that although the 2-3 field pattern fixer 
10 is shown as being selectively operated in a one-pass mode 
and a two-pass mode, it will be readily apparent to those 
skilled in the art that a 2-3 field pattern fixer that is able to 
operate in only one of the modes can be constructed without 
Straying from the principles taught by this invention. For 
example, a 2-3 field sequence fixer that only operates in a 
one-pass mode obviates the need for circuitry that is other 
wise required for the 2-3 field sequence fixer to operate in 
the two-pass mode. Furthermore, operation of the 2-3 field 
sequence fixer solely in the one-pass lends itself to a strict 
hardware implementation of the 2-3 field sequence fixer, 
eliminating the need for a PC. In this connection, the field 
sequencer 16 and field sequence generator 18 can be imple 
mented in hardware, and the timecode comparator 14, 
timecode/field difference encoder 40, FIFO's 42 and 50, 
timecode/correction signal decoder 52 and reset decoder 54 
can be eliminated. In this case, the field difference value 
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AFD can be input directly into the field sequence analyzer 16 
and the field sequence correction signal S can be output 
directly from the field sequence generator 18. 

While preferred methods and embodiments have been 
shown and described, it will be apparent to one of ordinary 
skill in the art that numerous alterations may be made 
without departing from the spirit or scope of the invention. 
Therefore, the invention is not to be limited except in 
accordance with the following claims. 
What is claimed: 
1. A method of generating an undisrupted video signal 

comprising a series of fields arranged in a continuous 2-3 
field sequence, the method comprising: 

receiving a disrupted video signal, the disrupted video 
signal comprising a series of fields arranged in a 
discontinuous 2-3 field sequence; 

analyzing the discontinuous 2-3 field sequence of the 
disrupted video signal to determine a discontinuity; 

generating a correction signal based on the determined 
discontinuity, the correction signal minimizing the 
cumulative delay within the undisrupted video signal; 
and 

generating the undisrupted video signal by applying the 
correction signal to a video signal. 

2. The method of claim 1, wherein the undisrupted video 
signal is generated by rearranging the series of fields in one 
of the disrupted video signal and a duplicate of the disrupted 
Video signal in accordance with the correction signal. 

3. The method of claim 1, wherein the correction signal is 
applied to the disrupted video signal. 

4. The method of claim 3, wherein the received disrupted 
Video signal is delayed at least an amount of time required 
to generate the correction signal. 

5. The method of claim 3, wherein the correction signal is 
applied to the video signal as the correction signal is 
generated. 

6. The method of claim 1, wherein the correction signal is 
applied to a duplicate of the disrupted video signal. 

7. The method of claim 6, further comprising: 
determining a plurality of discontinuities in the discon 

tinuous 2-3 field sequence; 
determining a first plurality of time codes within the 

disrupted video signal, the first plurality of time codes 
respectively associated with the plurality of disconti 
nuities; 

generating a plurality of correction signals respectively 
based on the plurality of discontinuities: 

receiving the duplicated disrupted video signal; 
determining a second plurality of time codes within the 

duplicated disrupted video signal, the second plurality 
of time codes corresponding with the first plurality of 
time codes; and 

generating the undisrupted video signal by sequentially 
applying the plurality of correction signals to the dupli 
cated disrupted video signal as the corresponding sec 
ond plurality of time codes are determined. 

8. The method of claim 1, wherein the correction signal is 
generated by selecting a series of delays, each delay applied 
to one field of either the disrupted video signal or a duplicate 
of the disrupted video signal. 

9. The method of claim 8, wherein a cumulative field 
delay is generated within the undisrupted video signal, and 
wherein selection of the series of delays is based on a 
minimization of the cumulative field delay. 

10. The method of claim 9, wherein the disrupted video 
signal includes a plurality of disjoined single field frames, 
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and wherein selection of the series of delays is based on 
discarding of the disjoined single field frames. 

11. The method of claim 10, wherein the discarding of 
disjoined single field frames are based on a relative motion 
detected within the disjoined single field frames. 

12. The method of claim 11, wherein the disjoined single 
field frames having a relatively great motion are discarded. 

13. The method of claim 11, wherein the disjoined single 
field frames having relatively little motion are discarded. 

14. The method of claim 1, wherein an edit point and a 
phase change within the discontinuous 2-3 field sequence 
are determined, and the generation of the correction signal 
is based on the detected phase change and edit point. 

15. The method of claim 14, wherein the edit point and a 
phase of the discontinuous 2-3 field sequence are determined 
by sequentially comparing fields twice removed in 
Sequence. 

16. The method of claim 1, wherein a plurality of cor 
rection signals are generated and sequentially applied to the 
Video signal. 

17. The method of claim 1, wherein the application of the 
plurality of correction signals to the video signal generates 
a cumulative field delay between the discontinuous 2-3 field 
sequence of the disrupted video signal and the continuous 
2-3 field sequence of the undisrupted video signal, and 
wherein the plurality of correction signals are generated, 
such that the cumulative field delay is maintained within a 
range of selected values. 

18. A method of correcting a disrupted video signal 
comprising a series of fields arranged in a discontinuous 2-3 
field sequence, the method comprising: 

receiving the disrupted video signal; 
analyzing the discontinuous 2-3 field sequence of the 

disrupted video signal to determine a discontinuity; 
generating a correction signal based on the determined 

discontinuity; and 
generating the undisrupted video signal by applying the 

correction signal to a video signal at a field rate equal 
to the field rate of the disrupted video signal, wherein 
the undisrupted video signal comprises a series of fields 
arranged in a continuous 2-3 field sequence. 

19. The method of claim 18, wherein the undisrupted 
Video signal is generated by rearranging the series of fields 
in either the disrupted video signal or the duplicate of the 
disrupted video signal in accordance with the correction 
signal. 

20. The method of claim 18, wherein the correction signal 
is applied to the disrupted video signal. 

21. The method of claim 18, wherein the correction signal 
is applied to a duplicate of the disrupted video signal. 

22. The method of claim 21, further comprising: 
determining a plurality of discontinuities in the discon 

tinuous 2-3 field sequence; 
detecting a first plurality of time codes within the dis 

rupted video signal, the first plurality of time codes 
respectively associated with the plurality of disconti 
nuities; 

generating a plurality of correction signals respectively 
based on the plurality of discontinuities: 

receiving the duplicated disrupted video signal; 
detecting a second plurality of time codes within the 

duplicated disrupted video signal, the second plurality 
of time codes corresponding with the first plurality of 
time codes; and 

generating the undisrupted video signal by sequentially 
applying the plurality of correction signals to the dupli 
cated disrupted video signal as the corresponding sec 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
ond plurality of time codes are detected, each of the 
correction signals being applied to the duplicated dis 
rupted video signal at a field rate equal to a field rate of 
the disrupted video signal. 

23. The method of claim 18, wherein an edit point and a 
phase change within the discontinuous 2-3 field sequence 
are determined, and the generation of the correction signal 
is based on the detected phase change and edit point. 

24. The method of claim 18, wherein a plurality of 
correction signals are generated and sequentially applied to 
the video signal, each of the correction signals being applied 
to the duplicated disrupted video signal at a field rate equal 
to a field rate of the disrupted video signal. 

25. A 2-3 field pattern fixer, comprising: 
a field sequence detector configured for receiving a dis 

rupted video signal having a discontinuous 2-3 field 
sequence and generating a series of field difference 
values; 

a field sequence analyzer having an input coupled to an 
output of the field sequence detector and being config 
ured for generating field sequence information based on 
the series of field difference values; 

a field sequence generator having an input coupled to an 
output of the field sequence analyzer and being con 
figured for generating a sequence of delay numbers 
based on the field sequence information; and 

a multiple delay tap circuit having an input coupled to an 
output of the field sequence generator and being con 
figured for receiving a video signal and for applying the 
sequence of delay numbers thereto to generate an 
undisrupted video signal having a continuous 2-3 field 
sequence, wherein the undisrupted video signal com 
prises a series of fields arranged in a continuous 2-3 
field sequence. 

26. The 2-3 field pattern fixer of claim 25, wherein the 
field sequence analyzer and the field sequence generator are 
embodied in a computer. 

27. The 2-3 field pattern fixer of claim 25, 
wherein one of the field sequence generator and field 

sequence analyzer is further configured to receive a 
current time code of the disrupted video signal and 
generate a trigger time code in response thereto; 

wherein the 2-3 field pattern fixer further comprises a time 
code comparator having an first input coupled to an 
output of the one of the field sequence generator and 
field sequence analyzer and a second input for receiv 
ing a current time code of the duplicated disrupted 
video signal, the time code comparator configured for 
generating a trigger signal; and 

wherein the multiple delay tap circuit includes a second 
input coupled to an output of the time code comparator, 
and configured for initially applying the sequence of 
delay numbers to a duplicated of the disrupted video 
signal when the trigger signal equals a selected value. 

28. The 2-3 field pattern fixer of claim 27, further com 
prising a First-In-First-Out (FIFO) memory device coupled 
between the field sequence generator and the multiple delay 
tap circuit; and 

wherein the field sequence generator is configured for 
generating and storing a series of correction signals 
within the FIFO. 

29. The 2-3 field pattern fixer of claim 25, wherein the 2-3 
field pattern fixer can be selectively operated in a one-pass 
mode and a two-pass mode. 

30. The 2-3 field pattern fixer of claim 25, wherein the 
multiple delay tap circuit is implemented using RAM 
addressing circuitry. 
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31. The 2-3 field pattern fixer of claim 25, wherein the 
multiple delay tap circuit comprises a bank of delay taps, 
and a delay tap selector coupled to the bank of delay taps for 
selecting one of the delay taps. 

32. The 2-3 field pattern fixer of claim 25, wherein the 5 
bank of delay taps comprises an odd delay tap with a 
cross-fader. 

33. A method of generating an undisrupted video signal 
comprising a series of fields arranged in a continuous 2-3 
field sequence, the method comprising: 10 

receiving a disrupted video signal, the disrupted video 
signal comprising a series of fields arranged in a 
discontinuous 2-3 field sequence; 

analyzing the discontinuous 2-3 field sequence of the 
disrupted video signal to determine a discontinuity 15 
within the discontinuous 2-3 field sequence; 

selecting a series of field delays based on the determined 
discontinuity; 

applying each field delay to one field of either the dis 
rupted video signal or a duplicate of the disrupted video 
signal to generate the undisrupted video signal, wherein 
a field is delayed an odd number of fields and wherein 
the cumulative delay within the undisrupted video 
signal is minimized; and 

cross-fading between the odd-delayed field and another 25 
field to generate a field within the disrupted video 
signal. 

24 
34. The method of claim 33, wherein the cross-fading is 

between the odd-delayed field and an even-delayed field. 
35. The method of claim 34, wherein the odd-delayed 

field is at the beginning of a scene, and wherein the 
cross-fading is between the odd-delayed field and an even 
delayed field immediately subsequent to the odd-delayed 
field. 

36. The method of claim 34, wherein the odd-delayed 
field is at the end of a scene, and wherein the cross-fading 
is between the odd-delayed field and an even-delayed field 
immediately preceding the odd-delayed field. 

37. The method of claim 34, further comprising deter 
mining an absolute pixel difference between the odd-delayed 
field and an immediately adjacent odd-delayed field, and 
wherein the odd-delayed field is faded to if the absolute pixel 
difference is relative large and the odd-delayed field is faded 
from if the absolute pixel difference is relatively small. 

38. The method of claim 37, further comprising delaying 
the absolute pixel difference by one line and processing the 
absolute pixel difference and the delayed absolute pixel 
difference to more accurately estimate an absolute pixel 
difference between the odd-delayed field and an immedi 
ately adjacent even-delayed field. 


